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Abstract
Montiporyne A-F is a family ofnew diacetylenic natural products recently isolated from
stony coralMontipora sp. Biological study shows that these compounds exhibit
bioactivity against certain solid tumor cells. Ofparticular interest isMontiporyne E,
whose molecular structure is comprised of an interesting seven-membered lactam ring
and a diacetylenic sidechain, which is a common structural feature among the
Montiporyne family members.
An efficient synthesis ofMontiporyne E is described in this paper. The seven-membered
lactam ring was constructed using a Beckmann rearrangement. The desired natural
product was synthesized using a Sonograshira coupling of the seven-membered lactam
vinyl triflate with a mono-substituted diyne side chain.
The structure of the natural product Montiporyne E was confirmed by X-ray
crystallographic analysis, mass spectrometry, FT-IR, and NMR spectroscopy including
'H-NMR, 13C-NMR, ^-'H COSY, 13C-DEPT, HMQC, HMBC. All spectral datawere in
agreement with its reported structure.
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1 .0 Introduction
1.1 Isolation and Biological Activity
In contrast to soft corals, which have been extensively studied since the 1960s, stony
corals (hard coral, scleractinian) have rarely been investigated by organic chemists. This
is partly based on the supposition that a hard coral would barely produce any organic
extract because it consists mainly of a calcarious
skeleton.1Nevertheless after being long-
ignored, hard corals have attracted much attention in recent years as sources of interesting
bioactive naturalproducts.2Their known metabolites include alkaloids, a sesterterpenes,
anthraquinoids, macrolides, and acetylenic
compounds.3
Among these marine metabolites are a number of diacetylenic compounds, mostly
isolated from hermaphroditic scleractinian corals such asMontipora digitata. Recently,
there was a report of several new diacetylenic compounds found in the hard coral
Montipora sp 5and two new polyacetylene carboxylic acids, montiporic acids A and B
isolated, from eggs of the scleractinian coralMontipora
digitata6 The genusMontipora
is especially rich in acetylenic compounds that have been shown to possess antifungal,
antibacterial, ichthyotoxic, and cytotoxic properties. Biological evaluation ofthese
acetylenic compounds showed that the montiporynes have marginal to moderate
cytotoxicity against a small panel ofhuman solid tumor cell lines. Their biological data is
listed in Table 1 7
Table 1 . In Vitro Cytotoxicities (ED50, (ig/mL) ofMontiporynes Against Human Solid Tumor Cells"
Data from Ref 7
Compound A549 SK-OV-3 SK-MEL-2 XF498 HCT15
Montiporyne A >50 (0.8) 3.2(1.2) 1.4(1.5) 1.9(0.7) 3. 7(1.5)
(cisplatin)
Montiporyne B >50 (0.6) 25.9 (0.9) 42.6 (0.7) >50 (0.6) >50 (0.6)
(cisplatin)
Montiporyne C 50 (0.8) 2.5 (1.2) 1.5(1.5) 3.2 (0.7) 5.2(1.5)
(cisplatin)
Montiporyne D >50 (0.6) 45.1(0.9) 43.1(0.7) >50 (0.6) >50 (0.6)
(cisplatin)
Montiporyne E >50 (0.8) >50(1.2) >50(1.5) >50 (0.7) >50(1.5)
(cisplatin)
Montiporyne F >50 (0.6) 29.2 (0.9) 36.7 (0.7) 31.3(0.6) 45.1 (0.6)
(cisplatin)
a A549: human lung cancer, SK-OV-3: human ovarian cancer, SK-MEL-2: human skin cancer; XF498:
human CNS cancer, HCT 15: human colon cancer. Numbers in parentheses correspond to cisplatin.
1.2 Previous Synthetic Studies for OtherMontiporyne Family Members
Although the natural products can be obtained from their natural sources, they are found
in very minute quantities. Studies toward synthetic routes that are amenable to affording
various analogues would prove valuable in order to further develop montiporynes as a
potential chemotherapeutic drug. Among montiporyne's members, a common long
diacetylenic chain is present. Figure 1 shows family members of the acetylenic
compounds (Montiporynes A - F) from the hard coralMontipora sp.
Figure 1. Molecular Structures ofMontiporynes A-F
o
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1.2.1 Synthesis ofMontiporynes A and B
Speed and Thamattor5 reported their synthesis ofMontiporynes A and B, as outlined in
Scheme 1. The first step of the synthetic protocol was the quantitative conversion of 1-
nonyne (7) to 1-iodononyne (8) using N-iodosuccinimide and a catalytic amount of silver
nitrate.8In the next step, the improved procedure ofAlami and Ferri was employed to
couple 8 with propargyl alcohol to afford 2, 4-dodecadiynyl alcohol 9 in a yield of89%
after
purification.9
Finally, the Swern oxidation of 9 followed by an in situ Wittig
reaction with acetylmethylene-triphenylphosphorane led to 1 in a yield of 58%. They
found that 1, ifallowed to stand at room temperature, began to isomerize to 2 within
hours. The ratio of 1 :2 at equilibrium appears to be approximately 3: 1 in favor of the E-
isomer.
Scheme 1. Synthesis ofMontiporynes A and B
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1.2.2. Synthesis ofPolyacetylenic Montiporic Acids A and B
The 1-nonyne (Scheme 2) was converted to 1-iodo-l-nonyne 8 in 80% yield via
treatment with n-BuLi/iodine.
I0 The coupling of 8 with propargyl alcohol in the presence
ofpyrrolidine/Cul produced dodeca-2, 4-diynol 9 in 95%yield.9The reaction of 9 with
ethyl 2-bromoacetate under phase transfer catalysis conditions n [(w-Bu)4NHS04/KOH]
gave montiporic acid A (10) in 95% yield.
Scheme 2. Synthesis ofPolyacetylenic Montiporic Acid A
n-BuLi, l2
80%
1 .ethyl 2-bromoacetate,
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The synthesis ofmontiporic acid B (Scheme 3) beganwith the reaction of the lithium
derivative ofpropargyl alcohol with bromohexane (11) to give 2-nonynol (12) in 80%
yield.12In the next step, the compound 12 was submitted to the prototropic migration of
the triple bond with KAPA13 giving the acetylenic alcohol 13 with a terminal triple bond
in 87% yield. The reduction of the triple bond was achieved by hydrotelluration 14
through treatment with (n-BuTe)2/NaBH4 in EtOH. The resulting vinylic telluride 14 was
an 8: 1 mixture of regioisomers. Li/Te exchange and final protonolysis gave 15 in a 97%
yield. The olefinic alcohol 15 was converted to the corresponding iodide 16 by reaction
with l2/Ph3P/imidazole 15 in a 95% yield, which was reacted with the lithium
acetylide16
to produce 17 in 90% yield. Acetylene 17 was converted to the diyne alcohol (18) by
coupling it with 3-iodo-2-propynol using pyrrolidine/Cul to give an 80% yield.
9
Finally,
18 was treatedwith ethyl 2-bromoacetate under phase transfer catalysis conditions n [(n-
Bu)4NHS04/KOH] to give the montiporic acid B (19) in 94% yield.
Scheme 3. Synthesis ofPolyacetylenicMontiporic Acid B
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2.0 Synthetic Design
2.1 Retrosynthetic Analysis ofMontiporyne E
As shown in Figure 2, Montiporyne E contains a challenging seven-membered lactam
ring directly connected to a diacetylenic side chain.
Figure 2. Molecular Structure ofMontiporyne E
5'
T 9'
11'
Based on the analysis of its structure, our synthetic strategy is outlined in Scheme 4. The
complete carbon skeleton could be constructed using a Sonogashira coupling ofa lactam
vinyl triflate (20) with a mono-substituted diyne side chain (21). The diyne 21 could be
produced from commercially available 1-nonyne 7 and the acetylenic alcohol 28 using a
copper (I) mediated cross-coupling reaction as was used in the syntheses of the above-
mentioned diacetylenic compounds (section 1 .2. 1 .). The lactam 20 could be obtained
from a precursor 0-ketolactam 22, which could be constructed by a Beckmann
rearrangement on the commercially available material 25 through its syn oxime(24).
Scheme 4. Retrosynthetic Analysis ofMontiporyne E
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2.2 Synthetic Strategy: Construction of the Seven-Membered Lactam
The Beckmann rearrangement is an acid-mediated isomerization of an oxime to an
amide.
17 The Beckmann rearrangement has often been used to ring expand a cyclic
ketone to a lactam. The mechanism of the Beckmann rearrangement is shown in Scheme
5.18 A ketone (29) is nucleophilically attacked by the hydroxylamine to give an oxime
(32) and the loss ofwater. Protonation of the oxime 32 forms an aziridine-like transition
state (34). The loss ofwater gives the imino cation 35. This alkyl attack illustrates a trans
migration whereby the leaving group is opposed to the incoming alkyl group (R'). Imino
cation 35 is then attacked by water, followed by deprotonation to give imino alcohol 37,
which is converted to amide 38 by tautomerization. As a result, the Beckmann
rearrangement ofketoximes is sterospecific, with migration generally occuring anti to the
leaving group on the nitrogen.
19
Scheme 5. TheMechanism ofBeckmann Rearrangement
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3.0 Results and Discussion
3.1 Synthesis ofDiacetylenic Side Chain
Following the retrosynthetic analysis ofMontiporyne E, our initial efforts were focused
on the synthesis of the diacetylenic side chain. According to a reported
route,20
commercially available 2-methyl-3-butyn-2-ol (28) was converted to acetylenic bromide
27 via treatment with bromine and potassium hydroxide (Scheme 6). The 1-nonyne (7)
Scheme 6. Synthesis ofDiacetylenic Side Chain
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underwent a copper mediated cross-coupling reaction with 27 to afford the desired
diacetylenic alcohol 26 in 75% yield. The terminal mono-substituted diacetylenic side
chain 21 was synthesized in 85% yield via treatment of the diacetylenic alcohol 26 with
sodium hydroxide in refluxing toluene. This reaction undergoes an anion-mediated
migration mechanism, as illustrated in Scheme 7.
Scheme 7. TheMechanism Toward Diactylenic Chain
>
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Using a strong base (NaOH), deprotonation of26 generates an oxygen anion, which then
initiates the loss of acetone to give sodium acetylide 39. In the last step, protonation of
the sodium salt 39 with an aqueous solution ofHC1, afforded the desired compound 21 in
high purity without column chromatography.
3.2 Synthesis ofSyn Oxime
With the diacetylenic side chain in hand, our next objective was to synthesize the seven-
membered lactam ring using the Beckmann rearrangement. Commercially available
compound 25 was treated with hydroxylamine hydrochloride and sodium acetate in
absolute ethanol at 55 C for two hours to give the desired oxime product.21' 22 The white
solid obtained was a 2:1 mixture ofoximes (syn.anti respectively) as determined by 1H-
NMR. The chemical shift of the vinyl proton for the syn oxime was at 5.86 ppm,
Scheme 8. Synthesis ofSyn Oxime
NH2OH HCI
NaOAc, EtOH
Recrystalization
or
55^0C, overnight k/kQEt ^^QEt ^-^OEt
25 24 40 24
anti oxime W oxime
2 : 1
while the chemical shift of the vinyl proton for the anti oxime was at 5.20 ppm. We tried
to recrystallize the crude oxime from water using a method described in the literature,
but this method failed to afford the expected pure syn oxime. However, after carefully
searching for suitable solvents for recrystallization, we found that the oxime mixture can
be recrystallized from ethanol to give the pure syn oxime in 43% yield (Scheme 8).
3.3 Beckmann Rearrangement
Our initial attempt at the Beckmann rearrangement involved treating our mixture of syn
and anti oximes with polyphosphoric acid at 1 10-120C for one hour (Scheme 9). The
resulting reaction mixture was extracted with dichloromethane to give the crude product
41 in low yields (34%). 23
10
Scheme 9. Synthesis of 3-keto Lactam
NOH
PPA
OEt 110-120C
Mixture of Syn
and Anti Oxime 41
Since 0-keto 41 was difficult to extract from water, and required large amount of
dichloromethane for extraction, this method was not feasible. Therefore, we used
methanesulfonyl chloride instead ofpolyphosphoric acid to facilitate Beckmann
rearrangement since this was much milder (Scheme 10). Oxime 24 was treated with
triethylamine and methanesulfonyl chloride at 0-5 C, and then quenched with water to
provide a 2:1 mixture of compounds 41 and 23 respectively in a 40-50% yield.
2l
Scheme 10. Synthesis ofP-keto Lactam Mixtures
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Considering that compound 41 is supposed to be obtained through the hydrolysis of23,
the quenching conditions were changed to an aqueous 10% potassium carbonate solution
instead ofwater. As a result, we got the single product 23 in a 47% yield as shown in
Scheme 11.
11
Scheme 11. Synthesis ofP-keto Lactam Using MsCl
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OH Cb-S-CH3 0
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In order to obtain a better yield, we continued to search for alternative conditions. We
discovered that the yield of23 could be dramatically improved from 47% to 80% by
using /?-toluenesulfonyl chloride instead ofmethanesulfonyl chloride (Scheme 12).
M The
better stability of the tosylate intermediate could explain this observed result.
Scheme 12. Synthesis ofP-keto Lactam Using TsCl
N
p-TsCI/Et3N,THF >-%, Quenched by 10% K2C03
N'
"OEt ^^OEt N / OEt
24 43 23
Scheme 13 illustrates the mechanism for this Beckmann rearrangement. Firstly, oxime
tosylate (43) was formed by treating oxime 24 with/7-TsCl under basic conditions.
Subsequently, the methylene group next to the carbon-nitrogen double bond migrated to
the nitrogen atom, anti to the leaving group (OTs), to form an imino cation 44. This
cation was attacked by water, followed by deprotonation, to give intermediate 45. Finally,
tautomerization of45 afforded the lactam 23.
12
Scheme 13. The Mechanism ofBeckmann Rearrangement
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In addition to spectroscopic techniques, the structure of lactam 23 was characterized by
X-ray crystallographic analysis to verify the correct direction of the Beckmann
rearrangement (Table 2).
Table 2. Crystal Data ofLactam 23
Empirical Formula C8H13NO2
Formula Weight 155.19
Crystal Color Colorless
Crystal Dimension 0.49 x 0. 19 x 0. 12 mm
Crystal System Monoclinic
Space Group P2(l)/c
Z 4
Calculated Density 1 292
mg/m3
Unit Cell Dimensions a = 4.4507 (5) A, a = 90
b = 8.6393 (10) A, p = 94.5
Volume
Absorption Coefficient
F(000)
c = 20.807 (2) A, y = 90
797.55 (16)
A3
0.093
mm"1
336
13
3.4. Benzylation ofLactam 23
Protection of lactam 23 was performed by treating benzyl bromide 22 in the presence of
the potassium tert-butoxide to giveN-Bn protected lactam 46 in a 79% yield after
purification by flash chromatography (Scheme 14). Hydrolysis of the compound 46 with
hydrochloric acid was accomplished by heating the reaction mixture in a 1 : 1 mixture of
ethanol and water to give pure Bn protected P-ketolactam (22) in a 96% yield without
purification.
Scheme 14. Synthesis ofBn-protected P-keto Lactam
O O Conc.HCI O
HnA BnBr.'BuOK/'BuOH *\\ EtOH/^O^ B%^S
\ /\)Et 79% \ A,
( >=0
96% N '^OEt ' \ / ^Et
23 46 22
3.5 Synthesis ofVinvl Triflate 25
With N-Bn protected P-ketolactam (22) in hand, we then focused our efforts on
synthesizing the vinyl iodide that is often used as the precursor for Sonograshira
coupling. Kowalski and coworkers24reported a two-step procedure for the conversion of
a P-diketone 47 to a p-iodo enone 49, as shown in Scheme 15.
Scheme 15. Synthesis ofVinyl Iodide
BnNEt3l/CH2CI2
>-
OMs
4948
P-diketone 47 was converted to enone mesylate 48 by treatment with methanesulfonyl
chloride and excess anhydrous potassium carbonate. Transformation of48 to vinyl iodide
49 was achieved by a nucleophilic substitution reaction using the quarternary ammonium
iodide salt.
14
Unfortunately, in our case, N-Bn protected P-keto lactam 22 failed to form the
corresponding mesylate. Our focus was then set on synthesizing the enol triflate instead
of the enol iodide. Reaction of22 with trifluoromethane sulfonic anhydride in the
presence ofa bulky amine
25
afforded no desired product. When the base was changed to
sodium hydride at -78 C, 26 the desired vinyl triflate 20 was isolated in very low yield
(1 1%). An increase in temperature did not improve the reaction yield. A better result was
achieved by using a two-phase system as shown in Scheme
16.27 But the yield was still
quite low (13%).
Scheme 16. Synthesis ofVinyl Triflate
0
,
BrKN"^\ K3PO4(30%), Tf20, CH2CI2 n"N-"\.
( )=o * < 1
\ / RT N /T>Tf
22 20
Our efforts toward the completion of the natural product were continued while alternative
methods for improving the vinyl triflate yield were being investigated.
3.6 Sonoeashira Coupling
After a comprehensive literature search, a Sonograshira
coupling28' 29was chosen as a
method for connecting the lactam portion and the acetylenic side chain. With both the
diacetylenic side chain 21 and lactam 20 in hands, our objective was to couple these two
components in order to realize the carbon skeleton of the target compound. Under the
standard Sonograshira using bis(triphenylphosphine) palladium (II)
dichloride as a catalyst, and copper (I) iodide as a co-catalyst, N-Bn protected triflate 20
was successfully coupled with the mono-substituted diyne 21 to give the expected
coupled product 50 in 98% yield (Scheme 17).
15
Scheme 17. Sonograshira Coupling
& *~OTf
PdtPPha)^^, Cul
DMF
1
98%
20 21
The proposed mechanism for the Sonograshira coupling is shown in Scheme 18.
Oxidative addition of20 with Pd(0) generated 51, which underwent transmetallation with
diacetylenic cupride 52 to afford intermediate 53. Reductive elimination of the palladium
in 53 to form the new C-C bond gave the coupled product 50.
Scheme 18. The Mechanism of Sonograshira Coupling
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3.7 De-protection ofAmide Group
In order to synthesize our target compound, we needed to de-protect the benzyl group on
the lactam nitrogen (Scheme 19). Debenzylation was achieved using a sodium and
ammonia
system.32
Unfortunately, after purification, the isolated product was not our
16
expected compound. Likewise when proton-transfer hydrogenation conditions were used,
the starting material was completely recovered and no trace ofour desired compound was
observed.33When the coupled product 50 was treated with the Lewis acid aluminum
chloride in refluxing
benzene,34
or using hydrogen bromide, a complicated mixture was
formed, and none of the expected product were detected by TLC orMass spectrometry
35
Scheme 19. De-protected Amide Group
^v
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2). HBr, reflux, 2h
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3.8. p-Methoxy Benzylation ofLactam 23
Due to the disappointing results for the debenzylation of50, we decided to change the
protecting group to a/?-methoxybenzyl group (PMB) for the following two reasons: 1)
PMB groups are similar to Benzyl groups which are stable under all the conditions
planned for our route; 2) PMB groups are more labile than benzyl groups and can be
cleaved under milder conditions without affecting the double and triple bonds in our
target molecule. Firstly, the Beckmann rearrangement product 23 was treated with 4-
methoxybenzylchloride to afford PMB-protected lactam 54 in a 63% yield (Scheme 20).
Next, acidic hydrolysis of54 gave the corresponding P-keto lactam 55 in 87% yield.
Finally, 55 was converted to the desired vinyl triflate 56 in 60% yield by treating with
trifluoromethane sulfonic anhydride and a sodium hydroxide solution (3N) in a two-
phase system.
17
Scheme 20. Synthesis ofPMB-protected Vinyl Triflate
PMBCI
NaH, DMF
PMB.
OEt 63% &
Conc.HCI
EtOH / H20
>>
87%
pmb~h\(
23 54 55
Tf20, NaOH(3N) 0
CH2C2 PM\\
60% V^OTf
56
3.9 Synthesis ofMontiporyne E
The Sonograshira coupling of lactam 56 with diyne 21 was performed under the same
conditions discussed in section 3.6. PMB-protected lactam 56 was reacted with 21,
bis(triphenylphosphine)palladium(n) dichloride and coppenT) iodide in DMF, to give the
desired coupled product 57 in 90% yield (Scheme 21). With the coupled product in hand,
our final step was to de-protect the PMB group in 57. De-protection of57 was achieved
via treatment with CAN [cerric(rV) ammonium nitrate] in a solvent mixture of
acetonitrile and water at room
temperature.36 Montiporyne E was obtained in an 88%
yield after purification by column chromatography.
PMB.6.-
56
Scheme 21. Synthesis ofMontiporyne E
Pd(PPh3)iC\2, Cul PMB.
DMF
CH3CN / H^
88%
21
(NH4)2Ce(N03)6 H
90%
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4.0 Structural Identification and Assignment for PMB-Protected Montiporyne E
(57)
The structure ofcompound 57 was fully characterized using various spectroscopic
techniques. It has a molecular formula: C25H31NO2; molecular weight: 377.5192; exact
mass: 377.2355. Mass Spectrum of57 shows its molecular ion peak at 378.3 [M+H]+.
In the FT-IR Spectrum, a large peak at
1640cm"1 (lactam carbonyl) and a small but
sharp peak at
2240cm"1 (C-C triple bond) are consistent with the proposed structure.
The 13C/DEPT Spectral data show there are two CH3 groups (12.9ppm and 54.2ppm), ten
CH2 groups (18.6, 22.2, 27.8, 28.0, 28.3, 28.4, 30.6, 31.4, 45.5, 49.4ppm), five CH
groups [113.6(2C), 129.2(2C), 131.7ppm] and eight quaternary carbons (64.0, 74.1, 77.8,
87.1, 129.4, 130.6, 159.4, 168.3ppm), totaling 25 carbons, which is consistent with its
molecular formula (C25H3iN02).
From the ^-NMR there are thirteen kinds ofproton environments, from downfield to
upfield respectively, in the ratio of2: 2: 1: 2: 3: 2: 2: 2: 2: 2: 2: 6: 3: with a total of 31
protons. Their chemical shifts are shown in Table 3 (molecular structure shown in Figure
3).
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Figure 3. Molecular Structure ofCoupling Product 57
H3CO
Table 3. 1H-NMR Data ofCompound 57
5 (ppm) Multiplicity Ratio ofH Assignment
7.25 Doublet 2H Ar-H
6.89 Doublet 2H Ar-H
6.30 Singlet 1H CH=
4.58 Singlet 2H Ar-CH2
3.78 Singlet 3H Ar-OCH3
3.36 Triplet 2H CH2(7)
2.37 Triplet 2H CH2 (5')
2.35 Triplet 2H CH2(5)
1.79 Multiplet 2H CH2 (6)
1.55 Multiplet 2H CH2 (6')
1.42-1.40 Multiplet 2H CH2 (7')
1.34-1.31 Multiplet 6H CH2(8';9';10')
0.91 Triplet 3H CH3(11')
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In the COSY, we can see the following correlations: H-5 and H-6, H-6 and H-7
connected with each other;
H-5'
and H-6',
H-6'
and H-7',
H-10'
and
H-ll'
connected
with each other.
From the HMQC spectrum, we found some cross peaks of each carbon with its attached
proton (Figure 4).
Figure 4. HMQC Data ofCoupling Product 57
3.78 (54.2)
OCH3
1*1k^ o
4.58(49.4) H2C.
6.3(131.7)
H
2.35 (30.6)
1.34-1.31
A
2.37(18.6) f
1.41 (28.4)
11'
0.91 (12.9)
Spectral data shown as 8h (5c) in ppm
From the HMBC, we can look for long-range ^-"C heteronuclear correlations. We start
with the proton axis from downfield to upfield. For H-3 (5 = 6.3), it has two cross peaks
to the carbon axis: one is C-5 (6 =30.6), and the other is
C-l' (8 = 74.1). The correlation
ofH-3 with C-5 and C-l ' are three-bond coupling (3JCh). H-8 (5
= 4.58) has three peaks
at 8 = 45.5 (C-7), 129.2 (C-10), 168.3 (C-2, carbonyl). H-7 (8 = 3.36) has two peaks at 8
= 30.6 (C-5), 168.3 (C-2). H-5' (8 = 2.37) has seven peaks at 8 = 27.8, 64, 74.1, 77.8,
87.1,129.4, 131.7 with C-6', C-4', C-3', C-2', C-l', C-3, C-4. H-5 (8 = 2.35) has five
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peaks at 8 = 28.0, 45.5, 74.1, 129.4, 131.7 with C-6, C-7, C-l', C-4, C-3. H-6' (8 = 1.55)
has two peaks at 8 = 28.3, 87.1 with
C-8'
and C-4'. H-6 (8 = 1.79) has one peak at 8 =
129.4 with C-4. According to the result of long-range H-C correlation, it is no doubt that
the structure ofcompound 57 is in completely agreement with the proposed structure.
H-3 => C-5, C-l';
H-8=>C-7,C-10, C-2;
H-7 => C-5, C-2;
H-5'=> C-6', C-4', C-3', C-2', C-l'; C-3, C-4;
H-5 => C-6, C-7, C-l', C-4, C-3;
H-6'=> C-4';
H-6 => C-4.
All of the above mentioned spectral data, including MS, FT-IR, 'H-NMR, 13C-NMR,
13C-DEPT, COSY, HMQC, HMBC spectral data, suggested that our synthesized
compound 57 has the same molecular structure as we proposed.
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5.0 Structural Identification and Assignment forMontiporyne E (5)
Figure 5. Molecular Structure ofTarget Compound 5
11*
The structure ofmontiporyne E (5) was also fully identified using various spectroscopic
techniques. It has a molecular formula: Ci7H23NO; exact molecular mass: 257.1780.
Mass Spectrometry of 5 shows a molecular ion peak at 258 [M+H]+.
In the FT-IR Spectrum, there are three peaks at 3320-3 180 (indicating the presence ofan
N-H bond), 1660cm"1 (lactam carbonyl) and 2220cm"1(C-C triple bond).
*H-NMR and 13C-NMR Spectral data are shown in Table 4. From *H-NMR, there are
nine kinds ofprotons, from downfield to upfield, in the ratio of 1:2:2:2 : 2:2:2:6:3
with a total 22 protons. We could not see theNH proton due to fast proton exchange in
CD3OD solvent.
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Table 4. JH and 13C NMR SpectraData ofTarget Compound 5
Carbons Assignment
8(ppm)
Protons Assignment Multiplicity
C-2 170.1
C-3 131.2 H-3 (1H) 6.22 Singlet
C-4 133.5
C-5 32.9 H-5 (2H) 2.58 Triplet
C-6 28.2 H-6 (2H) 2.03 Quintet
C-7 39.7 H-7 (2H) 3.27 Triplet
c-r 74.4
C-2' 77.7
C-3' 64.0
C-4' 87.2
C-5' 18.7 H-5' (2H) 2.42 Triplet
C-6' 27.8 H-6' (2H) 1.60 Quintet
C-7' 28.5 H-7' (2H) 1.48-1.44 Multiplet
C-8' 28.5 H-8'~H-10'
(6H)
1.38-1.31 Multiplet
C-9' 31.5
C-10' 22.2
c-ir 12.9 H-11'(3H) 0.95 Triplet
The 13C/DEPT Spectral data show there is one CH3 group (12.9ppm), nine CH2 groups
[18.7, 22.2, 27.8, 28.2, 28.5 (2C), 31.5, 32.9, 39.7ppm), one CH group (131.0ppm) and
six quaternary carbons (64.0, 74.4, 77.7, 87.2, 131.0, 133.5, 170.1ppm), totaling 17
carbons.
In the COSY, we see the following correlations: H-l
1'
withH-10';
H-7'
withH-8',
H-6'
with H-7';
H-5'
with H-6'; H-6 with H-5; H-5 with H-6; H-7 with H-6.
In the HMQC Spectrum, we found eleven cross peaks. As a result, we can determine the
relationship between each carbon and its attached proton (Figure 6).
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Figure 6. HMQC Data ofMontiporyne E (5)
6.22(131.2)
2-58 (32.9)
1.38*1.31
2.42(18.7) f
1.48-1.44(28.5)
Spectral data shown as 8h (8c) in ppm
11'
0.95 (12.9)
From HMBC we can determine long-range !H-13C heteronuclear correlations. We start
with the proton axis from downfield to upfield. H-7 (8 = 3.27) has three peaks at 8 = 28.2,
32.9, 170.3 with C-6, C-5, and C-2. H-5 (8 = 2.58) has four peaks at 8 = 28.2, 39.7, 74.4,
131.0 with C-6, C-7, C-l', and C-3. H-5' (8 = 2.42) has seven peaks at 8 = 27.8, 74.4,
77.7, 64.0, 131.0, 133.5with C-6', C-l', C-2', C-3', C-4', C-3, and C-4. H-6 (8 = 2.03)
has three peaks at 8 = 32.9, 39.7, 133.5 with C-5, C-7, and C-4. H-6' (8 = 1.60) has three
peaks at 8 = 18.7, 28.5, 87.2with C-5', C-7' and C-4'. H-l
1' has two cross peaks at 8
22.2, 31.5 with C-10' and C-9'. The result of long-range H-C correlation reveals that the
structure of compound 5 is in complete agreement with the proposed structure (Figure 7).
H-7 => C-6, C-5, C-2;
H-5 => C-6, C-7, C-l', C-3;
H-5'
=> C-6', C-l', C-2', C-3', C-4', C-3, C-4;
H-6 => C-5, C-7, C-4;
H-6'=> C-5', C-7', C-4';
H-ll'=> C-10', C-9'.
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Figure 7. Diagnostic HMBC Correlations ofTarget Compound 5
1V
All of the above mentioned spectral data, namely Mass Spectrometry, FT-IR, JH-
NMR, "C-NMR, 13C-DEPT, COSY, HMQC and HMBC spectral data, point out that
our synthesized compound 5 has the same molecular structure as the reported structure of
montiporyne E. Comparing our results with the reported 1HNMR and 13C-NMR data of
the natural product montiporyne E,
7
we found that there are some differences in the
spectral data as shown in Table 5. We suggest that the proposed structure of the natural
product might need to be revised or the data improved for their compound.
Table 5. 2H and 13C-NMR Data of the Natural Product and the Synthetic Compound (5).
Position
'H-NMR- (Ppm) 13C-NMR (ppm)
5 Natural 5 Natural
3 6.22 6.60 131.2 115.7
5 2.58 2.75 32.9 28.2
6 2.03 1.86 28.2 23.4
7 3.27 3.35 39.7 42.9
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6.0 Conclusion
In summary, an efficient synthetic approach to the proposed structure of the natural
product montiporyne E has been explored. Our synthesis has resulted in the following
features:
1 . A convergent strategy using a Sonogashira coupling for the connection ofa
mono-subsituted diacetylenic side chain with a seven-membered lactam vinyl
triflate;
2. Successful application of the Beckmann rearrangement to a natural product;
3. Efficient coppermediated cross-coupling to afford the mono-substituted
diacetylenic side from the commercially available material 1-nonyne;
4. Complete characterization of the coupling product 57 usingMass Spectrometry,
FT-IR, and variousNMR spectroscopy techniques including ^-NMR, 13C-NMR,
13C-DEPT, ^-'H COSY, HMQC, HMBC. All spectral data are in agreement with
its chemical structure;
5. Total synthesis and characterization ofmontiporyne E (its proposed structure).
Our synthetic target compound has been identified byMass Spectrometry, IR, and
variousNMR spectroscopy techniques including ^-NMR, 13C-NMR, C-DEPT,
'H^H COSY, HMQC, HMBC. All spectral data are in agreement with its
proposed chemical structure;
The Comparison ofthe related spectral data of the synthetic sample with those of the
natural product suggests that the proposed structure of the natural product might need
to be revised.
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General Procedures
All non-aqueous reactions were performed in flame-dried glassware under an
argon atmosphere and were stirred magnetically unless otherwise specified. All reagent
transfers were conducted via syringe or cannula as noted and were introduced to the
reaction through a rubber septa. Temperatures, other than room temperature, refer to bath
temperatures. All distillations were performed under an argon atmosphere or at reduced
pressure attained by either awater aspirator (10-20 mm Hg) or amechanical pump (<1
mm Hg).
The phrase "concentrated in vacuo"indicates that the removal of solvent was
performed by means of a Buchi rotary-evaporator attached to a water aspirator (15-30
mm Hg) followed by pumping with a mechanical bench pump (<1 mm Hg).
Chromatography
Purification by flash chromatography was performed using the indicated solvent
system on EM reagent silica gel 60 (230-400) mesh. For acid sensitive compounds
deactivated silica gel was used by means ofwashing with 5% triethylamine in hexanes.
Analytical thin layer chromatography (TLC) was performed using EM silica gel 60 F-254
pre-coated glass plates (0.25 mm). Visualization was effected by short-waveUV
illumination or by dipping the plate into a solution of/7-anisaldehyde, or potassium
permangenate, followed by heating on a hot plate. These stains were prepared as
described below:
P-anisaldehyde was prepared by mixing 15 mL/?-anisaldehyde, 3 mL glacial acetic acid,
10 mL concentrated H2SO4, and 260 mL of95% ethanol.
Potassium permangenate was prepared by mixing 6g ofpotassium permangenate with
10 mL of5% sodium hydroxide and 40 g ofpotassium carbonate and diluted. The
mixyure was diluted to 1 L with water.
Reagents and Solvents
Reagent grade solvents were used without purification for all extractions and
work-up procedures. Deionized water was used for all aqueous reactions, work-ups,
and
for the preparation ofall aqueous solutions. Reaction solvents were dried and purified
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according to published literature procedures by distillation under argon or vacuum from
an appropriate drying agent.
Distilled from sodium benzophenone ketyl:
Tetrahydrofuran (THF) and diethyl ether (Et20)
Distilled from sodium metal
Methanol
Distilled from calcium hydride
Methylene chloride (CH2C12), propionyl chloride, diisopropylethyl amine
(Hunig's base), triethylamine (Et3N), pyridine, toluene.
All other starting materials were commercially available reagents and used without
further purification unless otherwise noted.
Physical Data
Proton nuclear magnetic resonance (NMR) spectra were obtained on a Bruker 300
(300 MHz, RTT), Bruker WH-400 (400 MHz U. of R.) or an Avance 400 (400 MHz, U.
ofR) spectrometer. Carbon NMR spectra were obtained on a BrukerWH-400 (100 MHz
U. ofR) or an Avance 400 (100MHz U. ofR)
spectrometer.37Chemical shifts are
reported in ppm (8) downfield relative to trimethylsilane and are referenced to the
deuterated solvent (CDC13 at 7.27 ppm or CD3OD at 4.84 and 3.32 ppm). Data are
reported as follows: chemical shift (multiplicity, coupling constants in Hertz, number of
hydrogens). Multiplicity is designated using the following abbreviations and
combinations: s (singlet), d (doublet), dd (doublet ofdoublets), t (triplet), q (quartet), m
(multiplet and/or multiple resonances).
Infrared (IR) spectra were collected on a Perkin-Elmer 1760x FTIR
spectrophotometer and are reported in wave numbers (cm'1) with polystyrene as a
standard. Mass spectra were obtained using a Hewlett Packard 1 100 MSD mass
spectrometer (U. ofR) using positive scan APCI methods and methanol as a solvent.
The X-ray crystal structurewas obtained using a Siemens SMART CCD X-ray
diffractometer (U. ofR.).38 Melting points were determined using a Thomas-Hoover
capillary melting point apparatus.
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Experimental
3-Ethoxy-cyclohex-2-enone oxime (24):
NH2OH HCI WH
II Recrystalization
NaOAc, EtOH
55-60C, overnight ^-"TJEt OEt
mixture of syn
and anti oxime
syn oxime
24
A mixture of3-ethoxy-2-cyclohexen-l-one (25) (13.5mL, lOOmmol), NaOAc (16.4g, 200
mmol), and NH2OHHCl (8.3g, 120mmol) in absolute ethanol (150mL) was heated at 55C
for 2h, and then stirred at room temperature overnight. The resulting mixture was
concentrated in vacuo. The residue was taken up in CH2Cl2 and washed with 10% K2C03 and
water. The organic solution was dried overMgS04, filtered, and concentrated under reduced
pressure to give the crude product as a white solid (15g). Re-crystallization ofthe crude
product from EtOH afforded the syn oxime 24 as colorless needles (6.7g, 43%).21'22
LC/MS: [APCI(+)] 156.1
(M+H)+
^-NMR: (CDC13, 400MHz): 8 5.87 (s, 1H), 3.83(q, J = 7.0Hz, 2H), 2.26-2.19 (m, 4H),
1.79-1.72 (m, 2H), 1.25 (t, J = 7.0Hz, 3H).
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4-Ethoxy-l, 5, 6, 7-tetrahydro-azepin-2-one (23):
OH
OEt
24
1). p-TsCI/ Et3N, THF
0-5C
2). Quenched by 10%
K2C03, RT
OEt
23
To a solution ofthe 5yw-3-ethoxy-2-cyclohexen-l-one (24) (l.Og, 6.5mmol) in anhydrous
THF (25mL) was added Et3N (1.8mL) at 0~5C, followed by addition of/? - TsCl (1.5g,
7.8mmol). After stirring for an additional lh at this temperature, the reaction was quenched
with a 10% K2C03 solution. After removal of the ice water bath, the reaction mixture was
allowed to warm to room temperature for an additional lh. The solvent was removed under
reduced pressure, and the residue was neutralized with IN HC1 and extracted with CH2Cl2.
The combined organic layers were washed with water and brine, dried overMgS04, filtered
and concentrated in vacuo. The residue was purified by flash chromatography to give the
pure product 23 as colorless needles (795mg, 80%).
LC/MS: [APCI (+)] 156.1 (M+H)+, 311.0
(2M+H)+
IR: cm"13260, 1680,1580
^-NMR (CDC13, 400MHz): 8 6.08 (brs, 1H), 5.11 (s, 1H), 3.82 (q, J = 7.0Hz, 2H), 3.29 -
3.25 (m, 2H), 2.52 (t, J = 7.0Hz, 2H), 2.0 - 1.96 (m, 2H), 1.35 (t, J = 7.0Hz, 3H).
Crystal Data
Empirical Formula
FormulaWeight
Crystal Color
Crystal Dimension
Crystal System
Space Group
Z
CgHnNOz
155.19
Colorless
0.49x0.19x0.12 mm
Monoclinic
P2(l)/c
4
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Calculated Density 1 292
mg/m3
Unit Cell Dimensions a = 4.4507 (5) A, a = 90
b = 8.6393 (10) A, p = 94.5
c = 20.807 (2) A, y = 90
Volume 797.55 (16)
A3
Absorption Coefficient 0.093
F(000) 336
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l-BenzyI-4-ethoxy-l, 5, 6, 7-tetrahydro-azepin-2-one (46):
Bn
BnBr, 'BuOK/BuOH N"\
U^<
23
OEt THF. RT- overnight \-__/~OEt
46
To a solution of23 (694mg, 4.5mmol) in THF (20ml) was added (BuOK (552mg, 4.9mmol),
^uOH (5ml), and BnBr (0.8ml, 6.7mmol) at room temperature. The reaction mixture was
stirred under nitrogen overnight, and then quenched by the addition ofwater. The resulting
mixture was neutralized with IN HC1 and extracted with EtOAc. The combined organic
layers were washed with brine, dried overMgS04, filtered and concentrated in vacuo.
Purification ofthe residue by column chromatography gave 46 as a yellow oil (866mg,
79%)22
LC/MS: [APCI (+)] 246.1(M+H)
+
^-NMR^DCU, 400MHz): 8 7.35-7.25 (m, 5H), 5.17 (s, 1H), 4.68(s, 2H), 3.82 (q, J =
7.0Hz, 2H), 3.33 (dd, J = 6.0, 7.4Hz, 2H), 2.38 (t, J = 7.3Hz, 2H), 1.83-1.76 (m, 2H), 1.34 (t,
J = 7.0Hz, 3H).
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4-Ethoxy-l-(4-methoxy-benzyl)-l, 5, 6, 7-tetrahydro-azepin-2-one (54):
o o
N^S NaH ' PMBCI- DMF PMBvN-^n.
V^AoEt RT-6h V-AoEt
23 54
To a solution of23 (50mg, 0.3mmol) in anhydrous DMF (lmL), was added NaH (60%,
15.4mg, 0.4mmol) at room temperature, followed by the addition ofPMB-C1 (65ul
0.5mmol). The reaction mixture was stirred at room temperature for 6h, and then quenched
with water. The mixture was extracted with EtOAc, and the combined organic phases were
washed with brine, dried overMgS04, filtered and concentrated. The residue was purified by
column chromatography to give the pure product 54 as a white solid (55 mg, 63%).
LC/MS [APCI (+)]: 276.0
(M+H)+
IR: cm"11680, 1520, 1260
'H-NMR (CDC13, 400MHz): 8 7.25 (d J = 8.7Hz, 2H), 6.86 (d, J = 8.7Hz, 2H), 5.15 (s, 1H),
4.61 (s, 2H), 3.81 (s, 3H), 3.80 (q, J = 7.0Hz, 2H), 3.31 (dd, J = 6.0, 7.4Hz, 2H), 2.36(t, J =
7.3Hz, 2H), 1.81-1.75 (m, 2H), 1.34 (t, J = 7.0Hz, 3H)
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l-Benzyl-azepane-2, 4-dione (22):
?\ Bn> A"NJl Cone. HCI, EtOH, H20 N^\
Xb ; O*oOEt 50C,2-3h
46 22
To a solution of46 (lOOmg, 0.4mmol) in ethanol (lmL), water (lmL) and concentrated HCI
(0.5mL) was added. The mixture was heated to 50C for 2~3h, then cooled to room
temperature. The mixture was poured into an ice bath, neutralized with a 10% K2C03
solution, and then extracted with EtOAc. The combined organic layers were dried over
MgS04, filtered and concentrated in vacuo to give 22 as a pure yellow oil (85mg, 96%).
2~
LC/MS [APCI (+)]:
218.1(M+H)+
*H-NMR (CDC13, 400MHz): 8 7.34-7.26 (m, 5H), 4.64 (s, 2H), 3.62 (s, 2H), 3.53 (t, J =
6.0Hz, 2H), 2.54 (t, J = 7. 1Hz, 2H), 1,79 (m, 2H)
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l-(4-Methoxy-benzyl)-azepane-2, 4-dione (55)
O
PMB. II PMBv Jl
>J"\, Conc- HCI- EtOH- H20 N"%
^-^OEt 50C,2-3h
" ^^>
54 55
To a solution of54 (231mg, 0.8mmol) in ethanol (3ml), was added water (3ml) and
concentrated HCI (1ml). The mixture was heated to 50C for 2-3h, then cooled to room
temperature. The mixture was poured into an ice-bath, neutralized with a 10% K2C03
solution, and then extracted with EtOAc. The resulting organic layers were dried over
MgS04, filtered and concentrated in vacuo to give 55 as a pure yellow oil (180mg, 87%).
LC/MS [APCI (+)]: 248.0(M+H)+
IR: cm"11700, 1650, 1520, 1250
*H-NMR (CDC13, 400MHz): 8 7.24 (d, J = 8.7Hz, 2H), 6.87 (d, J = 8.7Hz, 2H), 4.59 (s, 2H),
3.81(s, 3H), 3.61 (s, 2H), 3.52 (t, J = 6.0Hz, 2H), 2.54 (t, J = 7.1Hz, 2H), 1.79 (m, 2H).
13C-NMR (CDC13, 100MHz): 8 203.5, 167.0, 159.2, 129.6 (2C), 129.2, 114.1 (2C), 55.2,
52.2,50.1,46.2,41.6,25.5.
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Trifluoro-methanesulfonic acid l-benzyl-2-oxo-2, 5, 6, 7-tetrahydro-l H-azepin-4-yl
ester (20):
O O
\X Tf2Or K3P04 (30%) ^A
W^O CH2CI2 V_/^<
22 20
To a solution of22 (62mg, 0.3mmol) in CH2C12 (2ml) was added 30% K3P04 (w/v, 2mL)
followed by the-drop^wise additionofTf20 (73ul 0.4mmol) at 0C. The resulting mixture
was warmed to room temperature for 0.5h. The mixture was diluted with CH2CI2 and
separated. The organic phase was washed with water and brine, dried overMgS04, filtered
and concentrated in vacuo. The residue was purified by column chromatography to give 20
as a pure colorless oil (13mg, 13%).
LC/MS [APCI (+)]:
350.0(M+H)+
*H-NMR (CDC13, 400MHz): 8 7.38-7.28 (m, 5H), 6.20 (s, 1H), 4.67 (s, 2H), 3.40 (m, 2H),
2.65 (t, J = 6.8Hz, 2H), 1.94-1.88 (m, 2H).
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Trifluoro-methanesulfonic acid l-(4-methoxy-benzyl)-2-oxo-2, 5, 6, 7-tetrahydro-l H-
azepin-4-yl ester (56):
O
PMBvN^V Tf2' NaOH (3N) PMB^N
55
CH2CI2
56
To^a solution of55 (146mg, 0.6mmol) in CH2Cl2 (4mL) was added an aqueous solution of
NaOH (3N, 4mL), followed by the drop-wise addition of Tf20 (0.2ml, 1.2mmol) at 0C. The
resulting mixture was slowly warmed to room temperature over 12h. The mixture was diluted
with CH2Cl2 and separated. The organic phase was washed with water and brine, dried over
MgS04, filtered and concentrated in vacuo. The residue was purified by column
chromatography to give 56 as a colorless oil (133mg, 60%).
LC/MS [APCI (+)]: 380.0
(M+H)+
*H-NMR (CDC13, 400MHz): 8 7.23 (d, J = 8.6, 2H), 6.90 (d, J = 8.6, 2H), 6. 19 (s, 1H), 4.61
(s, 2H), 3.82 (s, 3H), 3.39 (m, 2H), 2.65 (t, J = 7.1, 2H), 1.89 (m, 2H).
"C-NMR (CDC13, 100MHz): 8 164.0, 159.2, 156.9, 129.6 (2C), 128.8, 118.8, 113.9 (2C),
55.2,50.7,45.8,43.4,31.7,26.3.
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l-Benzyl-4-undeca-l, 3-diynyI-l, 5, 6, 7-tetrahydro-azepin-2-one (50):
9 Bn
20
+ H = = C7H15
Pd(PPh3)2CI2/Cul, Et3N ;
!
OTf DMF, RT, overnight
21
-To a solution of20 (46mg, 0. 13mmol) and 21 (23mg, 0. 16mmol) inDMF (2ml) was added
Cul (5mg, 0.2mmol) and Pd(PPh3)2 Cl2 (9mg, O.lmmol), followed by the addition ofEt3N
(36ul, 0.26mmol) at room temperature. The reaction was allowed to stir for 12h and then
diluted with diethyl ether. The organic phase was washed in sequence with saturated
NaHC03, saturated NH4CI, water and brine, dried overMgS04, filtered and concentrated in
vacuo. The residue was purified by column chromatography to give 50 as a brown oil (44mg,
%).
LC/MS [APCI (+)]: 348.3
(M+H)+
ER: cm"12910, 2240, 1640, 1460,1430
^-NMR (CDC13, 400MHz): 8 7.37-7.30 (m, 5H), 6.43 (s, 1H), 4.67 (s, 2H), 3.33 (t, J =
6.1Hz, 2H), 2.39 (t, J = 7.3Hz, 2H), 2.36 (t, J = 7.1Hz, 2H), 1.79 (m, 2H), 1.63-1.54 (m, 4H),
1.45-1.40 (m, 2H), 1.38-1.26 (m, 4H), 0.91 (t, J = 6.6Hz, 3H)
13C-NMR (CDCI3, 100MHz): 8 168.0, 137.6, 133.0, 129.4, 128.6 (2C), 128.2 (2C), 127.6,
87.5, 78.8, 75.8, 64.7, 50.4, 45.6, 31.6, 30.8, 28.8, 28.7, 28.3, 28.1, 22.5, 19.6, 14.0
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l-(4-Methoxy-benzyl)-4-undeca-l, 3-diynyl-l, 5, 6, 7-tetrahydro-azepin-2-one (57):
o
PMB~NA
/ \\ + H = C7H15
\___/-OTf DMF, RT, overnight
21
56
To a solution of enoltriflate 56 (29mg, 0.08mmol) and diacetylene 21 (13.6mg, 0.09mmol) in
DMF (2ml) was added Cul (2.9mg, 0.2mmol) and Pd (PPh3)2 Cl2 (5.4mg, 0. lmmol),
followed by the addition ofEt3N (21.5ul, 0. 15mmol) at room temperature. The solution was
stirred for 12h. The reaction mixture was then diluted with diethyl ether. The organic phase
was washed in sequence with saturated NaHC03, saturatedNH4CI, water and brine, dried
overMgS04, filtered and concentrated in vacuo. The crude product was purified by column
chromatography to afford 57 as a brown oil (26mg, 90%).
LC/MS [APCI (+)]: 378.3
(M+H)+
IR: cm"12920, 2240, 1640, 1510, 1460, 1210
*H-NMR (CD3OD, 400MHz): 8 7.25 (d, J = 8.6Hz, 2H), 6.89 (d, J = 8.6Hz, 2H), 6.30 (s,
1H), 4.58 (s, 2H), 3.78 (s, 3H), 3.36 (t, J = 6.20Hz, 2H), 2.37 (t, J = 7.1Hz, 4H), 2.35 (t, J =
7.5, 2H), 1.79 (m, 2H), 1.55 (m, 2H), 1.42-1.40 (m, 2H), 1.34-1.31 (m, 6H), 0.91 (t, J =
6.6Hz, 3H).
13C-NMR (CD3OD, 100MHz): 8 168.3, 159.4, 131.7, 130.6, 129.4, 129.2 (2C), 113.6 (2C),
87.1, 77.8, 74.1, 64.0, 54.2, 49.4, 45.5, 31.4, 30.6, 28.4, 28.3, 28.0, 27.8, 22.2, 18.6, 12.9.
13C/DEPT (CD3OD, 100MHz): The 13C/DEPT spectra from downfield to up-field specify8:
CH (131.7), 2CH (129.2), 2CH (113.7), OCH3(54.2), CH2 (49.4), CH2(45.6), CH2 (31.4),
CH2 (30.7), CH2 (28.4), CH(28.3), CH2 (28.0), CH2 (27.8), CH2 (22.2), CH2 (18.6), CH3
(12.9)
COSY (CD3OD, 400MHz): In COSY, we can see some correlation as follows: H-5, H-6, H-
7 connect with each other; H-5', H-6', H-7', H-8', H-9', H-10', H-l
1'
connect with each
other.
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HMQC (CD3OD, 100MHz, 400MHz): In HSQC, we can see H-C directly correlation as
follows: 8 C (12.9) with H (0.91); C (31.4) with H (1.33); C (28.4) with H (1.41); C (27.8)
with H (1.55); C (18.6) with H (2.36); C (131.7) with H (6.30); C (30.6) with H (2.35); C
(28.0) withH (1,79); C (45.5) with H (3.36); C (49.4) with H (4.58); C (54.2) with H (3.78);
C (129.2) withH (7.25); C (1 13.6) with (6.89).
HMBC (CD3OD, 100MHz, 400MHz): In HMBC, we can see long range H-C correlation as
follows:
H-3 => C-5, C-l';
H-8 => C-7, C-10, C-2;
H-7 => C-5, C-2;
H-5'^> C-6', C-4', C-3', C-2', C-l', C-3, C-4;
H-5 =^ C-6, C-7, C-l', C-4, C-3;
H-6'=> C-8' C-4';
H-6 => C-4.
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4-Undeca-l, 3-diynyI-l, 5, 6, 7-tetrahydro-azepin-2-one (5):
(NH4)2Ce(N03)6
H20/CH3CN, 2h
To a solution of57 (5mg, 13.3n.mol) inwater (0.2mL) and acetonitrile (0.8mL),
(NHj) 2 Ce(N03)6 (36mg, 0.07mmol) was added at room temperature. The mixture was
stirred for 2-5 h, then poured into water, and extracted with EtOAc. The combined organic
layers were washed with saturatedNaHC03, water and brine, dried overMgS04, filtered and
concentrated in vacuo. The residue was purified by column chromatography to give 5 as a
white foam (3mg, 88%).
LC/MS [APCI (+)]: 258.0
(M+H)+
IR: cm"13320-3180, 2220, 1660
^-NMR (CDOD3, 400Hz): 6.22 (s, 1H), 3.27 (t 2H), 2.58 (t, J=6.9Hz, 2H), 2.42 (t, J =
6.9Hz, 2H), 2.03 (quintet, J = 6.7Hz, 2H), 1.60 (quintet, J = 7.2Hz, 2H), 1.48-1.44 (m, 2H),
1.38-1.31 (m, 6H), 0.95 (t, J = 6.8Hz, 3H)
13C-NMR (CDOD3, 100Hz): 170.1, 133.5, 131.0, 87.2, 77.7, 74.4, 64.0, 39.7, 32.9, 31.5,
28.5(2C), 28.2, 27.8, 22.2, 18.6,12.9.
13C/DEPT (CDOD3, 100Hz): The 13C/DEPT Spectra data show there is one CH3 group
(12.9ppm), nine CH2 groups [18.7, 22.2, 27.8, 28.2, 28.5 (2C), 31.5, 32.9, 39.7ppm), one CH
group (131.0ppm) and six quaternary carbons (64.0, 74.4, 77.7, 87.2, 131.0, 133.5,
170.1ppm), total 17 carbons.
COSY (CDOD3, 400Hz): In the COSY, we can see some correlations as follows:
H-ll'
with
H-10'; H-8'~l 1
'
withH-l 1 ' and H-7';
H-7'
with
H-8'
and H-6';
H-6'
with
H-7'
and H-5';
H-5'
withH-6'; H-6 with H-5, and H-7; H-5 with H-6; H-7 with H-6
HMQC (CDOD3, 400Hz, 100Hz): In HSQC, we found 1 1 cross peaks as follows: H (3.27)
with C (39.7); H (2.03) with C (28.2); H (2.58) with C (32.9); H (6.22) with C (131.2); H
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(2.42) with C (18.7); H (1.60) with C (27.87); H (1.48-1.44) with C (28.5); H (1.38-1.31)
with C (28.5, 31.5, 22.2); H (0.95) with C (12.9).
HMBC (CDOD3, 400Hz, 100Hz):
H-7 => C-6, C-5, C-2;
H-5 => C-6, C-7, C-l', C-3;
H-5'
=> C-6', C-l', C-2', C-3', C-4', C-3, C-4;
H-6 =^> C-5, C-7, C-4;
H-6'^> C-5', C-7', C-4';
H-ll'^> C-10', C-9'.
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4-Bromo-2-methyI-but-3-yn-2-ol(27):
HO KOH(20%), Br2 H0,
C- C=C-H ? C=C-Br
X \ n~-5n \0-5C
28 27
To a round-bottomed flask equipped with an additional funnel, thermometer and cooled to
0C with stirring, a KOH aqueous solution was prepared by mixing 22.7g ofKOH and 90mL
ofwater. Keeping the temperature inside the flask at -5C, bromine (2.6ml, 50.5mmol) was
added drop-wise. The dark red color disappeared and the mixture was stirred for an
additional 10 min. To the resulting solution, 2-methyl-3-butyn-2-ol (28) (6.8ml, 70.3mmol)
in hexanes (10ml) was added through the additional funnel and the reaction mixture was
stirred for 10 min to give a colorless solution. The reaction mixture was diluted with diethyl
ether (50ml) and washed with water (2x30ml). The organic phase was dried overMgS04,
filtered and concentrated in vacuo to give the product 27 (8.9g, 78%).
20
H-NMR (CDC13, 300Hz): 8 2.10 (s, 1H), 1.62 (s, 6H)
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2-Methyl-tetradeca-3, 5-diyn-2-ol (26):
HO CuCI, NH2OHHCI H
C- C=C~Br + C7H15C=C-H ^ /\
= =r_c7Hi5
X
27 7
30%BUNH2 26
To a round-bottomed flask containing a 30% n-butyl amine aqueous solution (26mL) at 0 C,
cuprous chloride (CuCI, 36mg), NH2OHHCl (120mg) and the 1-nonyne (7) (3.6ml, 22mmol)
were added followed by the addition of l-bromo-3-methyl- l-butyn-3-ol (27) (3.0g,
18.4mmol). When the addition was complete, the mixture became blue. After 10 min, more
NH2OHHCl was added until the mixture became yellow. This last process was repeated
several times over the course of the reaction. The reaction mixture was extracted with diethyl
ether, and the organic phase was washed with water and brine, dried overMgS04 and
filtered. The solvent was removed under reduced pressure and the residue was purified by
chromatography on silica gel using hexanes to remove the non-polar components and then a
solvent mixture ofhexanes:ethyl acetate (20:80) was used to afford 26 as a colorless oil
(2.84g, 75%). 20
*H-NMR (CDC13, 400Hz): 8 2.30 (t, J = 7.0Hz, 2H), 1.54 (s, 6H), 1.42-1.26 (m, 10H), 0.91
(t, J = 6.6Hz, 3H)
13C-NMR (CDC13, 100Hz): 8 79.8, 67.3, 65.4, 64.3, 31.6, 31.1 (2C), 28.7, 28.6, 28.1, 22.5,
19.2, 13.9.
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Dodeca-1, 3-diyne (21):
OH NaOH/Toluene
^= rz: C7H15 * H ^ zzz C7H15
1 10C, reflux
26 21
A round-bottomed flask equipped with a reflux condenser, containing a solution of2-
hydroxide-3-methyl-3, 5-dodecadiyine (26)(710mg, 3.45mmol) in dry toluene (10 mL) was
charged with NaOH (152mg, 3.8mmol). The mixturewas heated slowly to reflux for 0.5h
until all the starting material was consumed. The reaction mixture was cooled to room
temperature, and concentrated in vacuo. The residue was treated with lOmL ofwater and
hexanes and separated. The aqueous phase was neutralized with a drop-wise addition of IN
HCI (3.8mL, 3.8mmol) to pH = 6-7. The aqueous phase was then extracted with hexanes.
The combined organic phases were washed with water and brine, dried overMgS04, filtered
and concentrated in vacuo to give pure product 21 as a light yellow oil (433mg, 85%).
H-NMR (CDCI3, 400Hz): 8 2.28 (t, J = 7.0Hz, 2H), 1.98 (s, 1H), 1.60-1.52 (m, 2H),
1.43-1.28 (m, 8H), 0.91 (t, J = 6.7Hz, 3H)
13C-NMR (CDC13, 100Hz): 8 78.5, 68.5, 64.6, 64.3, 31.6, 28.7, 28.6, 27.9, 22.5, 18.9,13.9.
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